Introduction.-During membrane activity in intact muscle, currents of considerable strength are generated (9 mAmp/cm2) and flow along the interior of the fiber. ' The possibility that these currents may play a significant role in the triggering of the contractile elements has been reconsidered by Csapo.2 He observed that longitudinal electric fields effectively activated a variety of muscles rendered depolarized and nonpropagating by excess potassium alone or in combination with a blocking agent. Longitudinal electric fields of 4 v/cm or higher induced contraction along the entire muscle length, as evidenced by a reliable method developed by Mashima and Csapo.3 Using the retractor penis muscle of the turtle, which is 7 cm or more in length and almost cylindrical, they marked off the muscle into equidistant portions with a fluorescent dye and measured differential shortening of these portions by photographing the movement of the marks with a constant speed motion picture camera. With this technique they provided evidence that the contraction is not limited to the cathodal end of the muscle but involves the whole length except the extreme anodal portion. The fact that shortening involved the whole length of the muscle makes it very unlikely that the effect of the external longitudinal field is mediated by electrotonic membrane potential changes. Nor can their results be explained by depolarization of the fiber membrane due to changes in the longitudinal resistance of the individual fibers along their length, or of the space between the fibers. However, the objection remains' that the field strengths applied in the above experiments were excessively high. This objection was raised despite the demonstration that the effective currents caused no serious injury to the muscle, as evidenced by the recovery of normal tetanus tension at the end of the experiments.
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Our studies reported here were initiated by Csapo's2 suggestion that if internal currents are of importance in normal excitation, the "sensitivity" of the myoplasm to current must be considerable during the few milliseconds of membrane depolarization. Such a great sensitivity to current, as pointed out by Csapo,2 may exist in intact muscle only during normal membrane activity. If so, the higher field strengths needed to activate nonpropagating muscle cannot serve as a reference for quantitative comparison because the sensitivity to current of the partly and permanently depolarized nonpropagating muscle may be considerably less. We therefore attempted to find experimental conditions in which the muqcle is non- propagating yet its sensitivity to current is improved. We report here some success in this respect, although the sensitivity to current in our preparations may still be quite low, because depolarization, unlike that of normal muscle during activity, is still partial and prolonged.
Methods.-The preparation used throughout is the retractor penis muscle of the turtle, Chry8emis picta. This is a slow striated muscle particularly suited for our experiments because of its length and close to cylindrical shape, especially in young animals. The muscle is quickly removed from the animal with sufficient bone attachment at one end, and connective tissue at the other, to enable good mounting. The excised muscle is pinned out in a dissecting dish containing turtle Ringer, and all adherent connective tissue along its length is carefully removed. It is mounted horizontally in a square lucite chamber, 10 X 10 cm, in 100 ml of turtle Ringer. The bony end is tied to a thin J-shaped glass hook, the other end to a thin, flat lucite lever of minimum friction. There is an after-load of 3-5 gm.
The method of marking the muscle into equidistant portions is that of Mashima and Csapo.3 The muscle is raised above the level of the liquid, and the excess moisture removed by gently blotting with filter paper. The fluorescent dye (R.C.A. material No. 33-Z-607, in the form of a yellow powder) is mixed with ether and spotted with a fine camel's hair brush on the upper surface of the muscle at equal distances. The ether dries in a matter of seconds, and the marked muscle can be reimmersed in the solution.
The stimulus for the whole muscle is applied between two platinum plate electrodes which cover two opposite internal walls of the chamber. In testing propagation the stimulus is applied between two silver wire ring electrodes placed at one end of the muscle so that they cover two adjacent spots. For a normal tetanus and for testing propagation the stimulus used was a.c. 60 c/s, 1.5 V/cm, 0.5 second duration.
The normal turtle Ringer had the composition: 120 mM/1 NaCl, 2.5 mM/1 KC1, 2.5 mM/i NaHCO3, and 1 mM/1 CaCl. A mixture of 97% 02 and 3% CO2 was bubbling through the solution.
The usual procedure was to test the propagated response of the after-loaded muscle in normal Ringer. The solution was then changed to a modified Ringer containing high K, or a blocking concentration of methyl alcohol. As soon as the preparation was found to be nonpropagating, a longitudinal current was applied to the whole muscle (a.c. or d.c., of different strengths). After shortening of the nonpropagating muscle had been recorded, it was returned to normal Ringer and its recovery of propagation observed.
For high K Ringer either excess KCl or K2SO4 was substituted for NaCl. The methyl alcohol Ringer was 10 per cent methyl alcohol in normal Ringer.
The movement of the spots during muscle activity was recorded with a Dumont oscillograph-record camera (type 321-A) using a tri-X film. Shortening of each segment was determined by the formula: A -B/A X 100, where A is the original E-- -FIG. 2. -The effect of excess K2SO4. Curve (1): normal Ringer, 1.5 v/cm, 60 c/s a.c., applied at one end of the muscle; (2) 4 min. in 9.5 mM/1 K2S04-Ringer. stimulus as (1); (3) as (2) but 2 v/cm applied longitudinally between two platinum plate electrodes covering opposite walls of the chamber; (4) as (3) (1); (3) as (2) but 1.5 v/cm is applied longitudinally between two platinum plate electrodes covering opposite walls of the chamber; (4) as (1) after recovery in normal Ringer. distance between two adjacent spots and B is the distance at the peak of shortening. The original records were retouched to improve contrast for reproduction.
Results.-The sensitivity of the muscle to applied longitudinal current was tested during a period when the membrane was being partly repolarized after excess K treatment, by decreasing the external K concentration. KCl Ringer for 15 min. After such treatment the muscle remains nonpropagating, but it is very sensitive to applied current as illustrated by 70 per cent shortening (of the maximum) at a field strength of 3 V/cm (Fig. 1) . The recovery in normal Ringer is complete after 15 min.
When the turtle muscle was treated with 9.5 mM/1 K2SO4 Ringer, it became nonpropagating after 4 min. The sensitivity to current was tested with field strengths ranging from 1 to 3 V/cm (a.c. and d.c.). The stimuli were applied once a minute and the responses to the graded current strengths recorded. As illustrated by Figure 2 , a field strength of 2 V/cm a.c. causes shortening of about 50 per cent of the maximum. The d-c stimulus was less effective than the a.c. Recovery was complete in normal Ringer, 15 min. after the experiment.
When the muscle is treated with 10 per cent methyl alcohol Ringer, it becomes nonpropagating. Figure 3 illustrates the absence of propagation after 6 min, as
